
ModellingModelling thethe formationformation
of of stylolitesstylolites

*Daniel *Daniel KoehnKoehn
**Francois Renard, ***Renaud **Francois Renard, ***Renaud ToussaintToussaint

* Institute of * Institute of GeosciencesGeosciences, , TectonophysicsTectonophysics, University of Mainz, , University of Mainz, 
GermanyGermany

** University of Grenoble, France + PGP, University of Oslo, ** University of Grenoble, France + PGP, University of Oslo, 
NorwayNorway

*** CNRS, *** CNRS, PhysiquePhysique des Roches, University of des Roches, University of StrasbourgStrasbourg, France , France 



NaturalNatural examplesexamples





NumericalNumerical Model Model 

time

z

x



Dr = krVs 1− exp −
∆σ nVs + ∆ψs

RT
 
 
 

 
 
 

 

 
 

 

 
 

EquationEquation forfor dissolutiondissolution of of thethe surfacesurface Setup Setup forfor thethe simulationssimulations

SurfaceSurface energyenergy -> curvature of interface

ElasticElastic energyenergy and normal stressnormal stress at interface
-> determined using a linear elastic lattice
Spring model. 

QuenchedQuenched noisenoise in in dissolutiondissolution constantsconstants

Two solids are compressed
vertically. Dissolution only
occurs at the interface. Side 
walls are fixed. Constant
strain rate (applied in small
steps). 



ElasticElastic and and surfacesurface energyenergy promotepromote a a flatflat surfacesurface
Normal stress Normal stress isis thethe samesame on on bothboth sidessides of of thethe surfacesurface

Noise drives the roughening !

WhyWhy teethteeth ?? VerticalVertical compactioncompaction

The side walls of teeth do not
move when they are oriented
verticallly (in a horizontal stylolite) 
unless one side of the surface is
growing. 
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Animation: voir fichier teeth.mov



Animation: voir fichier fourh.mov



ScalingScaling
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Scaling in time and space -> dynamic scaling law
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Interface Interface widthwidth ((characterizescharacterizes roughnessroughness))
isis measuredmeasured as as rmsrms fluctuationfluctuation in in heightheight

WidthWidth plottedplotted againstagainst time time givesgives twotwo
scalingscaling regimesregimes separatedseparated byby a a crossovercrossover
time time 
InitiallyInitially thethe widthwidth increasesincreases as a as a powerpower
of timeof time

( ) βttLw ~,

ββ isis thethe growth growth exponentexponent and and characterizescharacterizes
thethe timetime--dependentdependent dynamicsdynamics of of thethe
rougheningroughening processprocess

Crossover time

Saturation value

FamilyFamily--VicsekVicsek ScalingScaling

Barabási and Stanley, 1995

SaturationSaturation valuevalue scalesscales asas

CrossoverCrossover time time scalesscales asas

( ) αLLwsat ~

z
x Lt ~

WhereWhere L L isis thethe systemsystem sizesize



Family Vicsek scaling
works ! 

The growth exponent
beta lies around 0.46, 
the roughness exponent
alpha or zeta is 0.5 
and the dynamic
exponent is 1.1

This gives us a 
dynamic scaling law
for the simulations !



Animation: voir fichier fourg.mov



Animation: voir fichier teeth.mov
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Two regimes: surface energy dominated and elastic energy dominated !

Both regimes show self affine scaling

Nature Simulations



Conclusions:
• We present a dynamic scaling law for stylolites
• The development of teeth in stylolites is a normal consequence of the

compaction that creates the stylolite in the first place
• We can reproduce the two different scaling regimes of Schmittbuhl et al. 

(2004). 
• Therefore stylolites scale with a high roughness exponent within the

surface energy dominated regime
• They show a crossover
• They scale with a low roughness exponent within the elastic energy

dominated regime.  
• Stylolite growth decays with time ! Therefore the amplitude of a stylolite is

not representative for the compaction ! 

Need to explore how crossover is shifted when conditions change (stress, noise)

Need to analyse more natural examples ! 
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Experimental SetupExperimental Setup

PistonPiston

OilOil

KyvetteKyvette
SaturatedSaturated FluidFluid

SampleSample

3 3 stepstep TemperatureTemperature controlcontrol, In , In situsitu observationobservation



NaClONaClO33 crystalcrystal in in saturatedsaturated
solutionsolution

heightheight 3mm3mm
roomroom temperaturetemperature



Animation: voir fichier rough4.mov



initialinitial
roughness coarseningcoarseningroughness

supersuper--
structure

phasephase--
transitiontransition ?structure ?





fluid

Animation: voir fichier 3.5.MOV



fluid
Animation: voir fichier 3.87.MOV



fluid
Animation: voir fichier 3.67.mov





coarseningroughness

time

ExperimentExperiment

SimulationSimulation

Competition between elastic and surface energyCompetition between elastic and surface energy
plus effects of stress shieldingplus effects of stress shielding

time

time



NumericalNumerical
simulationssimulations of of thethe
developmentdevelopment of of 
roughnessroughness in in 
confinedconfined interfacesinterfaces

Solid Solid islandsislands areare
notnot veryvery stablestable ! ! 
TheyThey areare
destroyeddestroyed byby
undercuttingundercutting / / 
anticrackinganticracking

--> > concentrationsconcentrations
of of elasticelastic energyenergy

mol/m3

hours

5 µm



1 µm

SurfaceSurface energyenergy in a in a graingrain
boundaryboundary withwith solid solid 
islandsislands will will leadlead to to 
„„channelchannel--growthgrowth““

SurfaceSurface energyenergy in a in a roughrough
graingrain boundaryboundary withwith fluidfluid
withinwithin thethe wholewhole contactcontact
leadsleads to a to a smootheningsmoothening of of 
thethe structurestructure



RougheningRoughening plus plus 
surfacesurface energyenergy effectseffects
produceproduce islandisland--
channelchannel structurestructure thatthat
coarsenscoarsens withwith time !time !
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